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Abstract
The aim of this study was to determine the antioxidant and DNA damage inhibition potential of a methanolic extract of Carissa
carandas  leaves. The extract had significant (p  < 0.05), dose-dependent DPPH radical scavenging activity (median inhibitory con-
centration, 73.1 g/ml), total antioxidant activity, H2O2 scavenging activity (median inhibitory concentration, 84.03 g/ml) and
reducing power activity. The extract also completely protected pBR322 plasmid DNA from free radical-mediated oxidative stress
in a DNA damage inhibition assay. The antioxidant and DNA damage inhibition properties of C.  carandas  can be attributed to a
high content of phenolic compounds (84.0 mg gallic acid equivalents/g dry weight of extract), estimated in the Folin–Ciocalteau
assay. The high antioxidant and DNA damage inhibiting potential of C.  carandas  could be used to develop antioxidant compounds
for therapeutic applications.
© 2014 Taibah University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Free radicals, commonly known as reactive oxygen
species, contain one or more unpaired electrons in their
outermost orbital. Some common examples of reactive
oxygen species are peroxyl radical (ROO−), superox-
ide anion (O2−), peroxyl (ROO•), ozone (O3), hydrogen
peroxide (H2O2) and reactive hydroxyl (OH−) [1]. As
free radicals are highly unstable, they react with other∗ Corresponding author. Tel.: +91 98287 48869.
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(http://creativecommons.org/licenses/by-nc-nd/3.0/).molecules in their vicinity to attain stability, initiating a
chain reaction of free-radical generation [1]. Excessive
production of free radicals results in depletion of antiox-
idants in  vivo  and causes an imbalance between free radi-
cals and the antioxidant defences of the body, which can
cause damage (oxidative stress). About 100 serious dis-
eases have been associated with oxidative stress, includ-
ing cardiovascular diseases, liver diseases, diabetes,
cancer, neurodegenerative disease and ageing [2,3].
Antioxidants are usually reducing agents, such as
vitamins, carotenoids, polyphenols and trace metals
(Zn, Mo), which can scavenge reactive oxygen species
and inhibit the chain reaction by donating an electron
to the free radical. The antioxidant defence system,. This is an open access article under the CC BY-NC-ND license
supported by dietary antioxidants, protects the body
from free radicals; however, during oxidative stress,
antioxidants are insufficient to maintain homeosta-
sis, and antioxidants may be given as supplements.
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onsumption of additional antioxidants can significantly
educe the risk for free radical-associated diseases [4].
Plants are a potential source of natural antioxidants
5–11]. Medicinal plants provide a safe, cost-effective,
cological alternative to chemical antioxidants, which
an be toxic on prolonged exposure [12]. In this study,
arissa carandas  Linn. leaves were screened for antiox-
dant properties. C.  carandas  is a flowering, armed
hrub belonging to the Apocynaceae family. The species
s native to India, where it is commonly known as
hrist thorn and karanda, and is also found in Sri
anka, Indonesia, Malaysia, Myanmar and Pakistan. It is
ichotomously branched and contains a milky latex. The
eaves are glossy and dark-green on the dorsal and light-
reen on the ventral sides; they are elliptical-oblong,
otched at the base, with a blunt tip. The flowers are
hite to rosy pink, with a characteristic fragrance. The
lant produces small, oval fruits that are initially green
nd turn to reddish purple when ripe [13].
Several medicinal and nutritional properties of C.
arandas establish it as an economically important plant
n India, where it is traditionally used for the treatment of
atulence, poor digestion, acidity and wounds. The roots
re used as an anthelmintic, stomachic and antiscorbu-
ic and for the treatment of intestinal worms, scabies
nd pruritus; they are also used to reduce high blood
ressure. The fruit of C.  carandas  is used in the treat-
ent of malaria, epilepsy, nerve disorders, pain relief,
ever, myopathic spasms, dog bite, cough, colds, itches
nd leprosy. Ripe fruit of C.  carandas  is used in pud-
ings, curries and pickles, and slightly underripe fruit is
sed to make jelly [13–15]. The pharmacological prop-
rties of C.  carandas  have been extensively studied, and
t is reported to show anticonvulsant [16], analgesic, anti-
nflammatory, antipyretic [17], antibacterial, antifungal
18,19], hepatoprotective [20], antioxidant [21], acute
ypotensive [22] and anti-cancer activities [23]. Most
harmacological studies were conducted with roots, fruit
nd bark, whereas leaves are less explored. This study
as designed to investigate the phytochemical compo-
ition and antioxidant properties of C.  carandas  leaves
nd to evaluate its ability to inhibit free radical-mediated
NA damage.
.  Materials  and  methods
.1.  Chemicals
Sulphuric acid, methanol, ferric chloride, potas-
ium ferricyanide, trichloroacetic acid, ascorbic acid,
ydrogen peroxide, sodium chloride, Folin–Ciocalteau
eagent and gallic acid were purchased from SRL Pvt.rsity for Science 9 (2015) 34–40 35
Ltd. (Mumbai, India). 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) was purchased from Sigma–Aldrich Chemical
Co. (Milwaukee, Wisconsin, USA), and sodium carbon-
ate was purchased from Himedia Laboratories Pvt. Ltd.
(Mumbai, India). All other chemicals used were of ana-
lytical grade.
2.2.  Plant  material
The leaves of C.  carandas  were collected from nat-
urally growing plants in the village of Jaitpura, Jaipur,
Rajasthan, India, during January 2014. The material was
carried to the Research Laboratory, Jaipur National Uni-
versity, Jaipur, Rajasthan, India, and a voucher specimen
was maintained in our laboratory for future reference
(accession number: JNU-JPR/RL/CC/19.01.2014-1).
The collected leaves (100 g) were washed thoroughly
with sterilized distilled water to remove soil particles, the
fresh weight was measured, and the leaves were oven-
dried at 50 ◦C and pulverized in a mechanical grinder to
a delicate powder. The leaf powder (10 g) was soaked in
methanol (10%, w/v), loaded onto a shaker at 120 rpm
for 24 h at room temperature and then filtered through
Whatman no. 1 filter paper. The filtrate was concentrated
at 40 ◦C under reduced pressure (72 mbar) in a rotary
evaporator and dried in a lyophilizer. Dried extract was
collected in an airtight receptacle and stored at room
temperature for further use.
2.3.  Phytochemical  screening
Phytochemical screening of the leaves of C.  carandas
was done by with standard protocols [24] to determine
the presence of total carbohydrates, reducing sugars, pro-
tein, alkaloids, phenolic compounds, flavonoids, tannins,
glycosides, saponins, oil and fats.
The total phenolic content of methanolic extracts
was determined by the Folin–Ciocalteau reagent method
[25]. The crude extract was diluted in distilled water
to 125, 250, 500 and 1000 g, and 50 L were mixed
with 2.5 mL of Folin–Ciocalteau reagent (1/10 dilution
in purified water) and 2 mL of 7.5% Na2CO3 (w/v in
purified water). The mixture was incubated at 45 ◦C
for 15 min, and absorbance was measured at 765 nm.
A Na2CO3 solution (2 mL 7.5% Na2CO3 in 2.55 mL
distilled water) was used as a blank. The results are
expressed as gallic acid equivalents in g. Each experi-
ment was performed in triplicate at each concentration.
2.4.  Antioxidant  activity2.4.1.  DPPH  radical  scavenging
The extract was diluted in methanol to 25, 50, 75
and 100 g/mL, and 2 mL of each dilution were mixed
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with 1 mL of DPPH solution (0.2 mmol/mL in methanol)
and mixed thoroughly. The mixture was incubated in the
dark at 20 ◦C for 40 min, and absorbance was measured
at 517 nm in an ultraviolet–visible (UV–vis) spectropho-
tometer with methanol as the blank. Ascorbic acid was
used as the experimental control. Experiments were per-
formed in triplicate at each concentration [26]. The
percentage scavenging from DPPH was calculated from:
[
Ac −  At
Ac
]
×  100
where Ac is the absorbance of the control (DPPH), and
At is the absorbance of the test sample and standards.
2.4.2.  Total  antioxidant  activity
A volume of 1 mL of the extract (125, 250, 500 and
1000 g/mL) was mixed with 3 mL of the reaction mix-
ture containing 10 mL of concentrated H2SO4, 1.005 g
sodium phosphate monobasic and 1.47 g ammonium
molybdate dissolved in 290 mL of water. The mixture
was kept in a water bath for 1 h at 95 ◦C. A solution con-
taining 3 mL of reaction mixture and 1 mL of distilled
water was used as a blank, and absorbance was measured
in a UV–vis spectrophotometer at 695 nm. Ascorbic acid
was used as the experimental control. The experiment
was performed in triplicate at each concentration [27].
2.4.3. Scavenging  of  hydrogen  peroxide
The extract was diluted to 25, 50, 75 and 100 g/mL,
and 2 mL of each dilution were mixed with 1.2 mL of
H2O2 solution (40 mmol/L in phosphate buffer, pH 7.4)
and incubated for 10 min. The absorbance of the solution
was measured at 230 nm in a UV–vis spectrophotome-
ter against a blank solution containing the plant extract
without H2O2. Ascorbic acid was used as the experimen-
tal control. The experiment was performed in triplicate
at each concentration [28].
The percentage scavenging of H2O2 was calculated
from:[
Ac −  As
Ac
]
×  100
where Ac is the absorbance of the control, and As is the
absorbance in the presence of the sample and standards.
2.4.4. Reducing  power
The extract (1 mL) at concentrations of 125, 250,500 and 1000 g/mL was mixed with 2.5 mL phosphate
buffer (0.2 M, pH 6.6) and 2.5 mL 1% K3Fe(CN)6 and
incubated at 50 ◦C for 20 min. After addition of 2.5 mL
trichloroacetic acid (10%) to the mixture, it was cen-rsity for Science 9 (2015) 34–40
trifuged at 3000 rpm for 10 min in a cooling centrifuge.
Then, 2.5 mL of the supernatant were mixed with an
equal volume of distilled water and 0.5 mL ferric chlo-
ride (0.1%). Absorbance was measured at 700 nm in a
UV–vis spectrophotometer. Ascorbic acid was used as
the positive control. The experiment was performed in
triplicate at each concentration [29].
2.5.  DNA  damage  inhibition
Inhibition of DNA damage by methanolic extract of
the leaves of C.  carandas  was tested by photolysing
H2O2 with UV radiation in the presence of pBR322
plasmid DNA and performing agarose gel electrophore-
sis with the irradiated DNA [30]. To 1-L aliquots of
pBR322 plasmid DNA in three microcentrifuge tubes,
50 g of extract were added to one tube, and the other
two tubes were left untreated as irradiated controls. All
tubes received 4 L of 3% H2O2 and were then placed
directly on the surface of a UV transilluminator (300 nm)
for 10 min at room temperature. After irradiation, 4 L
of tracking dye (0.25% bromophenol blue, 0.25% xylene
cyanol FF and 30% glycerol) was added. All samples
were analyzed by gel electrophoresis on 1% agarose
gel (containing ethidium bromide) in TAE buffer (pH
8). Untreated, unirradiated DNA was run with untreated
UV-irradiated DNA and an extract treated UV-irradiated
sample.
2.6.  Statistical  analysis
The results for radical scavenging activity, total
antioxidant activity, H2O2 scavenging activity, reducing
power and total phenolic content of the methano-
lic extract of C.  carandas  leaves are expressed as
means ±  standard deviations of the responses of three
replicates per sample. Statistical significance between
the groups was determined by one-way ANOVA cou-
pled with Tukey’s post  hoc  test at p  < 0.05. Statistical
analysis was performed with Microsoft Excel 2007 and
GraphPad Prism 5.
3.  Results  and  discussion
3.1.  Percentage  yield
After drying of 100 g of fresh leaves of C.  caran-
das, the dried powder was extracted in methanol, and
the percentage yield was estimated with respect to fresh
mass and dry weight. Extraction of C.  carandas  leaves
with methanol resulted in yields of 7.85% fresh mass
and 17.98% dry weight.
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Table 1
Phytochemical analysis of methanolic extract of P. juliﬂora leaves.
Phytochemicals Methods used Result
Total carbohydrates Molish’s test ++
Reducing sugars Fehling’s test −
Protein Ninhydrin ++
Xenthoproteic test ++
Alkaloids Wangers test +++
Mayer test +++
Phenolic
compounds
FeCl3 (5%) test +++
Lead acetate test +++
Flavonoids AlCl3 test +++
Alkaline reagent test +++
Tannins FeCl3 (0.1%) test ++++
Oil and fats Spot test +
Saponins Foam test ++
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ere, +, ++, +++: present, −: not present.
.2.  Phytochemical  analysis
Preliminary phytochemical analysis of the methano-
ic extract of C.  carandas  leaves showed the presence
f total carbohydrates, proteins, phenolic compounds,
avonoids, tannins, saponins, oil and fats, alkaloids and
ardiac glycosides, but no reducing sugars (Table 1).
hese results are in agreement with previous reports,
n which alkaloids, flavonoids, saponins, cardiac gly-
osides, triterpenoids, phenolic compounds and tannins
16] and steroids, flavonoids, tannins, phenolic com-
ounds, terpenoids, saponins, alkaloids and glycosides
ere found as the major phytochemical groups [17].
he presence of phenolic compounds and flavonoids
nhances the possibility of antioxidant activity, as these
ompounds are widely reported to have antioxidant prop-
rties.
Phenolic compounds are ubiquitous in plants and one
f the most abundant groups of phytochemicals present
n plants and vegetables. They are produced as sec-
ndary metabolites in plant systems to protect them
rom oxidative stress, and many studies have reported
 strong positive correlation between the phenolic con-
ent and the antioxidant activity of extracts [23,31]. In
he current study, the methanolic extract of C.  caran-
as leaves was found to have a high level of phenolic
ompounds (84.0 mg gallic acid equivalents/g dry weight
f extract), with a significant (p  < 0.05) dose-dependent
ncrease (Fig. 1)..3.  Antioxidant  activity
Although C.  carandas  has been extensively stud-
ed for its pharmacological properties, little has beenFig. 1. Total phenolic content of different concentrations of methano-
lic extract of Carissa carandas leaves. Mean ± SD of three tests,
expressed as gallic acid equivalents.
reported on its antioxidant potential. Various solvent
extracts prepared from C.  carandas  roots have been
reported to have significant, dose-dependent antioxidant
activity [21]. In one more study, aqueous extracts of C.
carandas leaves showed significant antioxidant activ-
ity in MCF 7 (breast cancer) cell lines, and treatment
with the extract increased the levels of catalase, super-
oxide dismutase, glutathione transferase and glutathione
in MCF 7 cell lines [23].
In this study, the methanolic extract of C.  caran-
das leaves was screened for radical scavenging activity,
total antioxidant activity, H2O2 scavenging activity and
reducing power.
3.3.1. DPPH  radical  scavenging  activity
DPPH is a comparatively stable free radical con-
taining an unpaired electron on its nitrogen molecule.
DPPH gives a characteristic purple colour in methanol,
which is reduced to yellow after receiving a proton
from an antioxidant compound; this reduction in the
colour can be measured on a UV–vis spectrophotometer
(517 nm). In this study, the methanolic extract showed
significant (p  < 0.05), dose-dependent radical scaveng-
ing activity, with a median inhibitory concentration
(IC50) of 73.1 g/mL. The DPPH radical scavenging
activity of the extract is compared with that of ascorbic
acid in Fig. 2.
3.3.2.  Total  antioxidant  activity
The total antioxidant test is based on reduction of
molybdate[VI] to molybdate[V] at acid pH and for-quantified spectrophotometrically at 695 nm. In the
current study, the methanol extract showed a sig-
nificant (p  < 0.05), dose-dependent increase in total
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Fig. 2. Percentage DPPH• radical scavenging potential of different
concentrations of methanolic extract of Carissa carandas leaves.
Mean ± SD of three tests with ascorbic acid equivalence.
Fig. 4. H O scavenging potential of different concentrations ofFig. 3. Total antioxidant activity of different concentrations of
methanolic extract of Carissa carandas leaves. Mean ± SD of three
tests with ascorbic acid equivalence.
antioxidant activity, with an optical density of
1.39 ±  0.21 at 1 mg/mL. The total antioxidant activity
of the extract is compared with that of ascorbic acid in
Fig. 3.
3.3.3. H2O2 scavenging  activity
H2O2 radical scavenging activity is a useful method
for assessing the antioxidant properties of samples. H2O2
is usually nonreactive to cells but may give rise to
hydroxyl radicals, whereby compounds that can donate
an electron to H2O2 reduce it to water, thus block-
ing the generation of hydroxyl radicals and protecting
the cell. The electron donation potential of a sample is
directly proportional to its antioxidant potential. In the
present study, the methanolic extract showed significant
(p < 0.05), dose-dependent H2O2 scavenging activity,
with an IC50 of 84.0 g/mL. The H2O2 radical scav-
enging activity of the extracts is compared with that of
ascorbic acid in Fig. 4.2 2
methanolic extract of Carissa carandas leaves. Mean ± SD of three
tests with ascorbic acid equivalence.
3.3.4.  Reducing  power
Reducing power is based on the reduction of Fe[III] to
Fe[II] by the electron-donating potential of compounds.
Reduction produces a yellow to bluish-green colour
in the reaction mixture, which can be measured spec-
trophotometrically at 700 nm. In the current study, the
methanolic extract showed a significant (p  < 0.05), dose-
dependent increase in reducing power, with an optical
density of 1.73 ± 0.04 at 1 mg/mL. The reducing power
of the extract is compared with that of ascorbic acid in
Fig. 5.
3.4.  DNA  damage  inhibition
Free radicals can both initiate and exacerbate sev-
eral diseases. Hydroxyl free radicals are well known
to damage cellular DNA in humans, and even partial
damage to DNA can make a cell cancerous. DNA dam-
age inhibition by the methanolic extract of C.  carandas
leaves is shown in Fig. 6, which is the electrophoretic
pattern of pBR322 DNA after UV photolysis of H2O2
in the absence (controls C and R) and presence (samples
S) of the extract. Control pBR322 (C) showed band of
supercoiled and open circular plasmid DNA on agarose
gel electrophoresis. UV photolysis of H2O2 (R) dam-
aged the entire DNA (no bands visible). The extract
displayed considerable protective activity, with resulting
bands of supercoiled and open circular plasmid DNA.
The results infer that UV-photolysed H2O2 (3%) treat-
ment of pBR322 entirely obliterated the DNA (in R),
while 50 g of methanolic extract of C.  carandas  leaves
protected against free radical-mediated DNA damage
(S). These results demonstrate the DNA damage inhi-
bition potential of this extract, which might therefore be
used in future to prevent cancer. Other plants have been
K. Verma et al. / Journal of Taibah Unive
Fig. 5. Reducing power of different concentrations of methanolic
extract of Carissa carandas leaves. Mean ± SD of three tests with
ascorbic acid equivalence.
Fig. 6. Protection of plasmid DNA (pBR322) against oxidative damage
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as leaves. C, untreated, unirradiated DNA; R, untreated, UV-irradiated
NA; S, aqueous extract-treated DNA.
eported to protect against free radical-mediated DNA
amage [11,30].
.  Conclusion
The results of this study indicate that a methanolic
xtract of C.  carandas  leaves contains a variety of phyto-
hemical compounds that can efficiently defend the body
rom oxidative stress caused by free radicals and might
herefore be used as a source of potent natural antioxidant
ompounds. The study also showed the DNA damage
nhibition potential of the extract, which could be used
n cancer prevention. Further studies should be carried
ut to establish the antioxidant mechanism of methano-
ic extracts of C.  carandas  leaves and to determine its
afety.
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